Purpose This study aimed to evaluate the effect of preoperative carbohydrate oral (CHO) loading on the postoperative metabolic and inflammatory response, perioperative discomfort and surgical clinical outcomes in open colorectal surgery compared with a conventional fasting protocol. Methods Fifty patients were randomly allocated to either the intervention group (CHO), to receive preoperative oral carbohydrate supplementation, or the control group (FAST), to undergo preoperative fasting. Insulin resistance, insulin sensitivity, the Glasgow Prognostic Score (GPS) and IL-6 levels were analysed at 06 h on the day of surgery (T 1 ), 6 h after surgery (T 2 ) and at 06 h on postoperative day 1 (T 3 ) and postoperative day 2 (T 4 ). Thirst, hunger, dry mouth, weakness, anxiety and pain were assessed using the visual analogue scale (VAS) prior to anaesthesia induction and at 0-4, 4-8, 8-12 and 12-24 h after surgery. Surgical clinical outcomes included the return of gastrointestinal function, time to independent ambulation and postoperative discharge day. Results Postoperative insulin resistance was 30% lower (p < 0.03) and insulin sensitivity was 15% higher (p < 0.05) in the CHO group than in the FAST group. The GPS was lower in the CHO group at T 1 (p < 0.001), T 3 (p < 0.01) and T 4 (p < 0.004). IL-6 serum levels were lower at the analysed postoperative time points in the CHO group (p < 0.001). The VAS well-being score was lower in the intervention group (p < 0.001); however, the VAS pain score was not significantly different between the groups. The evaluated surgical outcomes appeared earlier in the CHO group (p < 0.001). Conclusion A preoperative CHO drink reduced the postoperative metabolic and inflammatory response and improved subjective well-being and surgical clinical outcomes but did not diminish the VAS pain score.
Introduction
Preoperative fasting increases perioperative insulin resistance (PIR) and patient discomfort. Surgery itself, especially a major procedure such as colorectal surgery, induces an endocrine and inflammatory stress response and contributes to PIR [1] .
PIR has a central role in the metabolic response to surgical injury. Contra-regulating hormones diminish peripheral insulin activity. PIR is a state of reduced insulin-mediated glucose uptake in skeletal muscles and adipose tissue, with an increased glucose release due to hepatic gluconeogenesis and hyperglycaemia. A catabolic state occurs with the depleted storage of glycogen via glycogenolysis, muscle protein loss and lipolysis [2] . The purpose of PIR is to provide energy and glycaemic substrates to glucose-dependent tissues. PIR is an adaptive mechanism, but it can be harmful if left untreated, increasing postoperative morbidity and mortality and prolonging the hospital stay [3] .
Strategies to reduce the postoperative stress response and PIR include shortening the preoperative fasting time via preoperative carbohydrate oral (CHO) drink administration. Preoperative fasting is the first step in PIR development [4] . The traditional fasting time of 6-8 h before elective surgery to prevent pulmonary aspiration usually extends up to 12 h in anaesthetic practise. Overnight fasting is a physiological state of reduced insulin sensitivity due to the normal hormonal diurnal rhythm. If patients undergo surgery in the prolonged fasted state, insulin resistance may begin even before surgery. A preoperative CHO drink acts as a morning meal, improves insulin sensitivity and propels the patient's metabolic state towards anabolism [5] . The effectiveness of CHO loading for the occurrence of PIR has been assessed by many investigators, but various methodological approaches and study protocols have resulted in contradictory findings between studies [6] [7] [8] .
Preoperative fasting and surgical tissue damage activate inflammatory pathways mediated by various cytokines [9] . Increasing the level of interleukin 6 (IL-6), reduces insulin action and contributes to PIR. IL-6 stimulates the acute phase of protein synthesis, such as C-reactive protein (CRP), and inhibits the synthesis of albumin [10] . An increased CRP level after colorectal surgery is a reliable marker of the systemic inflammatory response (SIRS) [11] . A decreasing level of postoperative albumin is correlated with previous malnutrition and the severity of illness [12] . The ratio of inflammatory to nutritional factors, CRP/albumin, is known as the Glasgow Prognostic Score (GPS), which is a useful tool for predicting infectious complications, morbidity and mortality after colorectal surgery [13] .
The present study evaluated the overall effectiveness of a preoperative CHO drink in terms of the postoperative metabolic and inflammatory response, perioperative discomfort and surgical clinical outcomes in open colorectal surgery as a model of major surgery.
The aim of this study was to compare the differences between preoperative CHO loading and a conventional fasting protocol on the PIR, GPS score, IL-6 level, subjective patient well-being, visual analogue scale (VAS) pain score and surgical clinical outcomes.
Methods

Patients and study design
This prospective, randomised controlled clinical study was carried out in the Department of Anesthesiology, Intensive Care Unit and Department of Surgery at Cantonal Hospital in Zenica, Bosnia and Herzegovina. After obtaining ethical committee approval and written patient consent, 50 patients with an American Society of Anesthesiologist (ASA) physical status of I-II, between 18 and 70 years of age and scheduled for elective open colorectal surgery were included in this study. The study was registered in ClinicalTrials.gov (number NCT03793036).
Patients with previous treatment for colorectal cancer, disseminated malignant disease, an increased risk of gastric content aspiration, body mass index below 20 or above 30 kg/m 2 or an overall score ≥ 3 according to the Nutritional Risk Screening 2002 (NRS-2002) were excluded from the study [14] . Additional exclusion criteria were emergency colorectal surgery, diabetes mellitus, inflammatory bowel disease, immunomodulatory therapy, a history of allergy to any study drug and the patient's refusal to participate in the study. The day before surgery, patients who fulfilled the study criteria were randomly allocated into two groups of 25 patients. Randomisation was performed using computer-generated random numbers indicating the treatment, which were held in sealed opaque envelopes. The researcher who conducted the randomisation and opened the envelopes the night before surgery was blinded by the study protocol, as were the staff involved in the medical procedures and data collection process. The progress of the patients throughout the randomised trial is shown in Fig. 1 .
Patients in the FAST group (control group) fasted for 8 h before surgery. Patients in the CHO group (intervention group) received 400 mL of a clear carbohydrate drink (12.5 g/100 mL maltodextrin, 50 kcal/100 mL, pH 5.0) at 22 h on the evening before surgery and another 200 mL of the carbohydrate drink on the day of surgery, 2 h before anaesthesia induction. The night before surgery, diazepam 5 mg (intramuscular) and low-molecular-weight heparin (subcutaneous) were administered to all patients. Preoperatively, there was no intravenous administration of the fluids. Open radical resection of colorectal cancer was performed in all patients under general endotracheal anaesthesia. Sixty minutes before surgery, a prophylactic dose of the first generation of cephalosporin was administered intravenously. Three minutes before anaesthesia induction, all patients received midazolam 0.05 mg/kg intravenously and were preoxygenated with 100% oxygen by facial mask. Anaesthesia was induced with propofol 3 mg/kg, fentanyl 3 μg/kg and pancuronium-bromide 0.1 mg/kg. Balanced anaesthesia was maintained using sevoflurane minimum alveolar concentration 0.5-1‰ and N 2 O 50% in oxygen, at a total flow of 2 L/min and with intermittent bolus doses of fentanyl and pancuronium. Intraoperative fluid management was limited to a glucose-free solution and no exogenous insulin administration. At the end of surgery, the neuromuscular block was reversed with neostigmine 0.05 mg/kg and atropine 0.02 mg/kg. The patients were extubated when fully awake. Postoperative care was standardised as clinically indicated and a free fluid regimen was permitted. Early postoperative mobilisation was recommended.
Data collection and definitions
Clinical biochemical parameters were assessed from peripheral venous blood samples, taken at 06 h on the day of surgery (T 1, basal value), 6 h after surgery (T 2 ), at 06 h on postoperative day 1 (T 3 ) and at 06 h on postoperative day 2 (T 4 ). Serum levels of glucose, insulin, CRP, albumin and IL-6 were evaluated. Postoperatively, patients did not receive intravenous glucose or oral nutrition 6 h prior to the morning testing, from midnight to 06 h. Serum glucose was measured using the hexokinase/glucose-6-phosphate dehydrogenase enzymatic method, for which the range of normality (r.n.) is 3.3-6.1 mmol/L. Serum insulin (r.n. 3-17 μU/mL) was determined by a solid-phase, two-site chemiluminescent immunometric assay. Insulin resistance was calculated using the homeostasis model assessment of insulin resistance (HOMA-IR), according to the following equation: HOMA-IR = [fasting insulin (μU/mL) × fasting glucose (mmol/L)]/ 22.5. HOMA-IR > 1 indicated the presence of insulin resistance. Insulin sensitivity (r.n. 100%) was calculated using the following equation: HOMA-ISI (insulin sensitivity index) = 1/log/[fasting glucose (mmol/L) + fasting insulin (μU/mL)]. HOMA-IR and ISI were processed with a computer model HOMA 2 Calculator version 2.2. Serum CRP (r.n. 0-5 mg/ L) was monitored using an automatic immunonephelometry technique. Serum albumin (r.n. 35-48 g/L) was analysed using the bromocresol green colorimetric method. The GPS was calculated as follows: an elevated level of CRP > 10 mg/L and hypoalbuminemia < 35 g/L were allocated a score of 2, and one or neither of these biochemical abnormalities was assigned a score of 1 or 0, respectively. The serum IL-6 concentration (r.n. 0-5.9 pg/mL) was measured using enzymelinked immunosorbent assay test kits.
Subjective patient well-being and pain scores were assessed prior to anaesthesia induction and were repeated at 0-4, 4-8, 8-12 and 12-24 h after surgery. Thirst, hunger, mouth dryness, anxiety, weakness, pain at rest and pain with mobilisation scores were measured using a 10-cm horizontal VAS scale. The patients were instructed on how to use the VAS scale. The scales were limited by a vertical line at the left end that represented 'no symptom' (score of 0) and a vertical line at the right end that represented 'the worst imaginable symptom' (score of 10). The patients marked somewhere on the VAS line. The distance from 0 to the patient's mark on the VAS line determined the score of the perceived symptom. The combination of metamizole sodium 1.25 g and tramadol hydrochloride 100 mg was administered intravenously for a VAS score > 3 or if the patient reported pain. If analgesia was not achieved or the VAS score was > 5, an additional dose of tramadol hydrochloride 25 mg was provided. The time to the first postoperative analgesic dose and the number of additional analgesic doses were noted.
Nausea was defined as an unpleasant sensation referring to a desire to vomit without expulsive muscular movement. Vomiting was defined as the forceful expulsion of even a 
Statistical analysis
The data analysis was performed using the Statistical Package for the Social Sciences (SPSS v23.0; IBM Corp., Armonk, NY, USA). The sample size was estimated using sample size calculator software and a power analysis with a 95% confidence interval and power of 80%. Statistical significance was considered p < 0.05. The calculation indicated that 19 patients per group would be sufficient to detect a 50% difference for insulin resistance between the groups. Assuming dropout led to a total sample size of 50 patients. Categorical variables were analysed using Pearson's chi-squared test and presented as the frequency and relative number of cases (percentage). Parametric variables were expressed as the mean and standard deviation or median and range as appropriate. For comparisons, Student's t test, a one-way analysis of variance (ANOVA) or the Mann-Whitney U test was used, depending on the type and distribution of the data.
Results
All 50 of the recruited participants completed the study and were included in the analysis. There were no statistically significant differences in the demographic or surgical data between the groups, which is summarised in Table 1 .
Clinical biochemical parameters
Insulin resistance parameters, i.e., serum glucose, insulin and HOMA-IR levels, were higher in the FAST group than in the CHO group during all study periods. HOMA-ISI levels were lower in the FAST group than in the CHO group. Statistical significance of the differences between groups is presented in Table 2 . The mean value of HOMA-IR in the FAST group increased by 85% 6 h after surgery and 76% on postoperative day 1, while there was a 27% decrease on postoperative day 2. In the CHO group, the mean value of HOMA-IR increased by 74% 6 h after surgery and 55% on postoperative day 1, while there was a 25% decrease on postoperative day 2. The total increase in HOMA-IR was 30% lower in the CHO group than in the FAST group (p < 0.03).
HOMA-ISI had a 44% decline at 6 h after surgery and a 41% decline on postoperative day 1 in the FAST group, followed by a 31% increase on postoperative day 2. In the CHO group, HOMA-ISI decreased by 39% 6 h after surgery and 32% on postoperative day 1, while it increased by 32% on postoperative day 2. The total reduction in HOMA-ISI was 54% in the FAST group versus 39% in the CHO group (p < 0.05).
Inflammatory response parameters were elevated after surgery in both groups, except for serum albumin, which decreased. Significantly greater CRP levels were seen in the FAST group, with the peak on postoperative day 2 in both groups. Serum albumin decreased significantly between each studied time point in the FAST group (p < 0.05) but did not decrease significantly in the CHO group. Higher GPS scores were found in the FAST group, with a maximum grade of 2 in 25 (100%) patients versus 17 (68%) patients in the CHO group on postoperative day 2 (p < 0.004). Significantly higher levels of IL-6 were displayed in the FAST group. The peak was recorded 6 h postoperatively and further declined, but there was no return to the baseline in any group (Table 3) .
Subjective patient well-being parameters and VAS pain score
The VAS scores of the subjective well-being parameters were significantly higher in patients who fasted than in those who CHO loaded preoperatively. The incidence of nausea and the number of antiemetic requests was significantly higher in the FAST group (p < 0.02 and p < 0.04, respectively). The incidence of vomiting was not significantly different between the groups (Table 4) .
There were no statistically significant differences in the VAS pain score or the number of additional analgesic doses between the study groups. The time to first postoperative analgesic dose was shorter in the FAST group (Table 5) .
Surgical clinical outcomes
Participants in the CHO group had a significantly faster return of gastrointestinal function; intestinal sounds were heard earlier, and the times to first flatus, first defecation and oral intake were shorter. Independent ambulation and postoperative discharge day occurred earlier in the CHO group (Table 6) . 
Discussion
While previous studies have focused on certain aspects of preoperative CHO loading in patients undergoing colorectal surgery, our study provides a comprehensive assessment of all the aspects considered to be the effects of a CHO drink. This study encompassed biochemical outcomes (metabolic and inflammatory responses), psychological outcomes (patient wellbeing and pain scores) and functional surgical outcomes (return of gastrointestinal function, time to independent ambulation and postoperative discharge day). The present study suggested that a CHO drink taken the evening before open colorectal surgery and 2 h before the induction of anaesthesia provided better postoperative glycaemic control, reduced PIR by 30%, enhanced insulin sensitivity by 15% and attenuated the inflammatory response in terms of lower GPS scores and IL-6 levels compared with the traditional concept of preoperative fasting.
Although all participants were normoglycaemic upon admission to the hospital, preoperative fasting diminished insulin activity and peripheral glucose uptake; therefore, in the FAST group, preoperative hyperglycaemia occurred and was maintained after surgery during the study period. This study confirmed the results of Sio et al. that preoperative CHO loading provided lower glycaemia and insulinaemia ranges after colectomy [15] . Maintaining postoperative euglycaemia reduces the infection rate and multiple organ failure, while glycaemia > 7 mmol/L increases mortality 18-fold [16] .
Open colorectal surgery affects the homeostatic balance via extensive surgical stress. Preoperative CHO drink loading is a part of the enhanced recovery after surgery (ERAS) programme, which is applied in colorectal surgery to reduce stress response, PIR and hospital stay [17] . Applying new protocols is not always a simple process. The role of a preoperative CHO drink has remained controversial. A systematic review of 18 randomised clinical trials established a beneficial effect of preoperative CHO fluids on PIR in oncologic surgery [18] , although Pexe-Machado et al. did not find such an influence in gastrointestinal oncologic surgery [19] . Inconsistencies were due to heterogeneity of the samples, surgical procedures, anaesthetic protocols, evaluated variables and measurement methods. The presented study controlled many of the PIR risk factors via the inclusion and exclusion criteria to minimise the bias. Each patient underwent a preoperative nutritional status assessment using the NRS-2002 score. A score ≥ 3 identified patients at nutritional risk and those with a metabolic stress response induced by malignant disease, and these patients were excluded from the study to avoid the influence of malnutrition and disease severity on the research results. In our study, preoperative fasting maintained PIR through the observed postoperative period, and the most prominent was on postoperative day 1. In the CHO group, PIR Student's t test was used for the analysis, and p < 0.05 was considered statistically significant SD, standard deviation; CI, confidence interval; FAST group, preoperative fasting group; CHO group, preoperative carbohydrate loading group; CRP, Creactive protein; GPS, Glasgow Prognostic Score; IL-6, interleukin 6; T 1 , 06 h on the day of surgery; T 2 ‚ 6 h after surgery; T 3 , 06 h on postoperative day 1; T 4 , 06 h on postoperative day 2 appeared only on postoperative day 1. Amer et al. confirmed that CHO loading reduced PIR in elective surgery [20] . A lower HOMA-IR index was reported by Vigano et al. in major abdominal surgery with preoperative CHO treatment. Vigano's study recorded higher PIR levels compared with our results because various types of abdominal surgery in that study induced different intensities of surgical stress [21] .
Possible mechanisms to reduce PIR via a CHO drink are the activation of glucose transporter 4 on the plasma membrane, improving glycogen synthase activity and the activation of insulin signalling pathways via protein kinase B [22] . In the state of PIR, insulin non-dependent cells such as immunocytes are overloaded with glucose and produce reactive oxygen species that enhance inflammation. Inflammation, in 4 24.8 ± 3.4 18.5-21.9 4.6 ± 2.3 18.5-21.9 0.001 T 5 21.6 ± 3.0 20.4-22.8 0.0 ± 0.0 20.3-22.9 0.001 Nausea, n (%)
Student's t test and x 2 test were used for the analysis, and p < 0.05 was considered statistically significant. SD, standard deviation; CI, confidence interval; FAST group, preoperative fasting group; CHO group, preoperative carbohydrate loading group; T 1 , prior anaesthesia induction; T 2 , 0-4 h after surgery; T 3 , 4-8 h after surgery; T 4 , 8-12 h after surgery; T 5 , 12-24 h after surgery turn, amplifies PIR in a vicious cycle [23] . In the present study, preoperative fasting was correlated with greater acute-phase protein disturbance, a higher GPS and higher IL-6 levels. A preoperative CHO drink significantly attenuated the immune reaction but did not have a strong enough effect to stop it. Researchers have found a lower acute phase response after cholecystectomy [24] and lower IL-6 levels after colorectal resection due to a preoperative CHO drink [25] . A higher GPS score after colorectal surgery predicts cachexia and a poorer survival rate [26] . Increased IL-6 and CRP levels for more than three postoperative days indicate the development of SIRS [27] . By reducing these biomarkers, a preoperative CHO drink could be effective in the preservation of postoperative immunological homeostasis.
The fasting period before surgery alerts patients' mental and physical conditions. Patients become dehydrated, unable to concentrate and generally unfit. A preoperative CHO drink is recommended to achieve preoperative euvolemia and caloric intake [28] . In this study, a CHO drink strengthened patients' general well-being compared with the FAST group. Lower feelings of thirst, hunger and dry mouth were probably primary effects of the CHO drink related to energy supply and hydration. Reductions in the VAS anxiety and weakness scores were secondary effects. A significant decline from the basal values of the VAS anxiety and hunger scores has been detected after CHO administration in elective surgery [29] . In our study, the VAS anxiety score declined at 8-12 and 12-24 h after surgery, while the weakness score declined at 12-24 h after surgery. Henrixen et al. found no influence on the VAS well-being score after CHO administration in colorectal surgery. The anaesthesia protocol in this study included Table 5 Mean values of the VAS pain score according to the groups and study time points Student's t test was used for the analysis, and p < 0.05 was considered statistically significant SD, standard deviation; FAST group, preoperative fasting group; CHO group, preoperative carbohydrate loading group epidural anaesthesia, which possibly modulated the magnitude of surgical stress and could influence the intervention [30] . In our study, the CHO drink did not significantly improve the VAS pain score. A prolonged time to the first analgesic dose in the CHO group might have been caused by the improvement in general well-being.
In the present study, the CHO drink reinforced the surgical outcomes. The postoperative return of gastrointestinal function was faster, and independent ambulation and the postoperative discharge day occurred one day earlier than in the FAST group. CHO treatment reduces protein loss, improves muscle function and promotes an anabolic state that may help in recovery after surgery [31] . A CHO drink helps avoid perioperative hyperglycaemia and alleviates PIR, which are two independent factors of the length of hospital stay [32] . Additionally, reduced anxiety and weakness scores and an earlier oral intake in the CHO group might be reasons for the earlier independent ambulation and discharge day. A meta-analysis of 21 clinical trials revealed a reduction in the length of hospital stay and PIR with preoperative CHO treatment in major abdominal surgery [33] .
A preoperative CHO drink has a gastric passage time of less than 2 h and does not prolong the gastric emptying time [34] . In this study, there were no cases of taste intolerance, aspiration of gastric contents or adverse events connected with the oral fluid intake.
This study has some limitations. The evaluated parameters were monitored up to the second postoperative day. A longer follow-up would determine how long it takes to restore the metabolic and inflammatory parameters to basal values and whether the CHO drink accelerates this return. The obtained results refer only to participants with ASA physical status grades I and II. The inclusion of participants with ASA grade III or IV might be required to optimise the perioperative care and anaesthesia technique. Further research studies are needed to clarify some unresolved issues, e.g., the use of a CHO drink in patients with a higher ASA grade, diabetes mellitus or obesity.
In conclusion, a CHO supplement is a safe and effective practise in shortening preoperative fasting in open colorectal surgery. A CHO solution used the evening before surgery and 2 h before the induction of anaesthesia reduces PIR, attenuates the inflammatory response and improves subjective patient well-being. Additionally, a CHO drink allows for the faster return of gastrointestinal function, earlier independent ambulation and earlier postoperative discharge day. CHO loading did not significantly diminish postoperative pain. The use of preoperative CHO drinks should be a standard and widespread preoperative care practise, included in institutional protocols and accepted by surgical, anaesthesiologic and nursing teams in elective colorectal surgery.
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